Aim: Hemorrhage from pelvic fracture is a major cause of mortality after blunt trauma. Several studies have suggested that early fibrinogen supplementation improves outcomes of traumatic hemorrhage. Thus, we revised our massive transfusion protocol (MTP) in April 2013 to include early off-label administration of fibrinogen concentrate. The objective of this study was to evaluate the impact of the revision on the short-term outcomes of pelvic fracture patients.
INTRODUCTION

H
EMORRHAGE FROM PELVIC fracture is common and one of the major causes of mortality in severe blunt trauma patients. As control of the hemorrhage and prevention of coagulopathy are directly associated with outcomes, the guidelines published over the last two decades intensively discussed the validities of hemostatic methods such as trans-arterial embolization (TAE), external fixation, and pelvic packing. 1, 2 However, none of the guidelines refer to hematological correction of coagulopathy by recruitment of coagulation factors.
Conventional approaches for massive traumatic hemorrhage based on fluid resuscitation with blood components have been shown to result in persistent coagulopathy and poor outcomes. 3 Fibrinogen is the first coagulation factor to fall below a critical value during massive bleeding and hemodilution. 4 An increasing number of studies have reported the limited efficacy of fresh frozen plasma in treating severe hypofibrinogenemia. 5 The fibrinogen level at admission is reported to be an independent predictor of mortality for trauma patients, 6 and another study suggested that fibrinogen supplementation improves outcomes for traumatic hemorrhage. 7 Based on these findings, we revised our massive transfusion protocol for traumatic hemorrhage (MTP) in April 2013 to include early off-label administration of fibrinogen concentrate. The objective of this study was to evaluate the impact of the revision on the outcomes of pelvic fracture patients.
METHODS
T HIS WAS A single-center, retrospective, cohort study. In 2013, the off-label use of fibrinogen concentrate (Fibrinogen HT; Japan Blood Products Organization, Tokyo, Japan) for massive traumatic and obstetric hemorrhage was approved by the Institutional Review Board of our hospital. The revision of the MTP to include early offlabel administration of fibrinogen concentrate was substantially put into practice in April 2013. Figure 1 describes the MTP and its revision with a flow chart. In compliance with the revision, we administered 3 g fibrinogen concentrate when plasma fibrinogen levels were below 150 mg/dL (April 2013 to March 2014) or when the MTP was activated (April 2014 to March 2015). Throughout the study period, activation of the MTP was decided by a senior emergency physician who examined the patient on admission.
The study enrolled 224 consecutive patients with pelvic fractures stemming from blunt injuries, who were hospitalized in the Department of Emergency Medicine and Critical Care at Saitama Medical Center (Saitama, Japan) from January 2011 to March 2015. Patients who were in cardiopulmonary arrest on arrival, and those transferred from other hospitals, were excluded. None of the patients had been diagnosed with a disease related to hemostatic disorders. The patients were assigned to two groups: group E, 115 patients who were hospitalized before the revision in April 2013, and group L, 109 patients who were hospitalized later.
Characteristics, injury severities, and status on admission of the patients, which possibly influence their survival, were compared between the groups. They included demographic factors, hospitalization routes and time courses, anticoagulant and antiplatelet medications, abbreviated injury scales, physical and hematological status, and derived scores to predict the survival. The number of blood transfusions within 7 days of admission and implementation of the interventions were also compared between the groups. Derived scores included the Injury Severity Score (ISS), the Revised Trauma Score (RTS), and the Probability of survival (Ps). The interventions included TAE, external fixation, internal fixation, and pelvic packing. If the physical status on the first contact with the patient was not clearly documented, the patients were excluded from the analyses that involved the status or derived scores (RTS and Ps). In the same manner, those patients with missing hematological data were excluded from the analyses concerned. The v 2 -test was used for evaluation of intergroup differences in sex, hospitalization routes, medications, allo-type packed red blood cells transfusion, and implementation of the interventions. MannWhitney's U-test was used for others. The significance level was 5% (P < 0.05).
The median of ISS in all 224 patients was 21. Based on this threshold, the patients were stratified by ISS (all ISS and ISS ≥ 21). Numbers of patients with ISS ≥ 21 were 60 and 57 in Groups E and L, which included 52 and 44 patients with multiple trauma (AIS > 2 in at least two body regions), respectively. Impacts of the revision and the characteristics, injury severity, and coagulation status on 28-day survival were evaluated using Cox's multivariate proportional hazard model. The groups (the revision), age, sex, interval between injury and admission, ISS, RTS, and blood hemoglobin concentration, prothrombin time -international normalized ratio, activated partial thrombin time, serum fibrinogen concentration, and platelet count on admission were assigned to the model as explanatory covariates, and 28-day mortality as the objective variate. Their impact on survival was evaluated in terms of hazard ratios adjusted for other covariates. Impact of the revision on the outcome was also evaluated by the univariate log-rank test between the survival curves, and relative risk of 28-day mortality between the groups.
All statistical analyses were carried out using R version 3.3.0 (The R Foundation for Statistical Computing, Vienna, Austria) and its packages. [8] [9] [10] The off-label use of the fibrinogen concentrates and the protocol described in this research was approved by the Institutional Review Board and conformed to the provisions of the Declaration of Helsinki (Approval No. 745). 
RESULTS
T ABLES 1 AND 2 show intergroup comparison of the characteristics, number of blood transfusions, and implementation of the interventions. There was no significant difference between the groups. Table 3 shows the results of Cox's multivariate proportional hazard analysis. A "P value (rho)" smaller than the significance level (0.05) indicates a violation of the proportional hazard ratio assumption, which is prerequisite of the model. All assigned covariates fulfilled the prerequisite and validated the model. According to the hazard ratios and their confidence intervals, Group L (the revision) and low ISS were significantly related to improved survival. Figure 2 the shows 28-day survival curves of the patients compared between the groups. The log-rank test gave v 2 -values of 5.2 (P = 0.022) and 6.7 (P = 0.009) for 1 degree of freedom in the patients with all ISS and ISS ≥ 21. The number of the 28-day mortalities (rate) were 17 (0.15) and 6 (0.06) in Group E and Group L, respectively. The relative risks of 28-day mortality between the groups were 0.37 (0.15-0.91) and 0.33 (0.13-0.84) in patients with all ISS and ISS ≥ 21, respectively. The results indicated significant discrepancies of the survival curves between the groups, and that the discrepancy was greater in patients with ISS ≥ 21.
DISCUSSION
T HE INTERGROUP COMPARISON confirmed that the characteristics, injury severity, and status on admission were homogenous among the groups (Table 1 ). There was no significant difference in the number of transfusions and implementation of the interventions between the groups (Table 2) , and the impact of the revision on those treatments remained unclear.
The multivariate analysis using Cox's proportional hazard model identified the revision of MTP and low ISS as the independent factors significantly related to improved survival, but not RTS (Table 3) . Information on physical status on admission was missing in a considerable number of patients (Table 1) . They were mainly patients transferred by helicopter, and were likely to show defective values. Thus, these missing values possibly resulted in overestimation of the RTS and Ps. Consequently, the impact of RTS on survival may be underestimated by the multivariate analysis. The univariate analyses in the stratified patients also revealed that the patients with severe trauma (ISS ≥ 21) benefitted more from the revision.
As the final substrate of coagulation and the ligand of platelet GPIIb/IIIa receptors, fibrinogen plays a key role in clot formation. Fibrinogen is also the first coagulation factor to fall below a critical level during development of coagulopathy after massive hemorrhage. 4 Hypofibrinogenemia results not only from hemodilution by fluid supplementation to maintain blood pressure, but also from fibrinogenolysis due to hyperfibrinolysis induced by tissue-type plasminogen activator released from injured endothelial cells. 11 In this context, fibrinogen is the key molecule in trauma-induced coagulopathy to be targeted for supplementation. 12 Thus, early correction of hypofibrinogenemia would be a promising approach to prevent deadly coagulopathy and mortality after massive traumatic hemorrhage.
In contrast with fresh frozen plasma, the efficacy of fibrinogen concentrate in the recovery of plasma fibrinogen levels and subsequent hemostasis was reported in hereditary and acquired hypofibrinogenemia, 13 including those derived from trauma. 14, 15 Encouraged by the volume of pharmacovigilance data showing the safety profile for fibrinogen concentrate, 16 off-label use of the concentrate in Japan to treat massive hemorrhage during aortic surgery 17 and obstetrical emergencies has been reported. 18 Based on these scientific and clinical findings, we revised our MTP to include early administration of fibrinogen concentrate in April 2013.
Surgical hemostasis is less efficient and unreliable in controlling hemorrhage associated with pelvic fractures, compared to that associated with other traumas. 19, 20 Therefore, survival of pelvic fracture patients depends on hemostasis by TAE and control of coagulopathy by early correction of impaired coagulation factor levels. [21] [22] [23] Otherwise, incomplete hemostasis and persistent coagulopathy results in devastating hemorrhage and short-term mortality, especially in the patients with severe multiple trauma. 24 In this context, the results of the study are reasonable and conform with our clinical experience.
A major limitation of the study derives from the substantial change in threshold and timing for administration of the fibrinogen concentrate to the patients in Group L during the study period (Fig. 1) . Disunity in the administration criterion within the group prevented exact evaluation of the impact on the survival by the revision of MTP. Another major limitation derives from the absence of a clear objective criterion for activation of MTP throughout the study period. The activation was left to the clinical decision, and its consistency among the groups was not guaranteed. In the same context, consistency for the implementation of surgical or radiological interventions was not guaranteed. The possible bias in the activation of MTP and the implementation of interventions may influence the discrepancy of the survival between the groups. Because of these limitations, the results were insufficient to 
